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ABSTRACT  
The recent global economic downturn has increased an already perceived need in organizations for cost savings. To cope with such 
need, companies can opt for different strategies. This paper focuses on optimizing processes and, more specifically, determining the 
optimal lot production. To determine the optimal lot of a specific production process, a new software was developed that not only 
incorporates various productive and logistical elements in its calculations but also affords users a practical way to manage the large 
number of input parameters required to determine the optimal batch. The developed software has not only been validated by several 
companies, both Spanish and Mexican, who achieved significant savings, but also used as a teaching tool in universities with highly 
satisfactory results from the point of view of student learning. A special contribution of this work is that the developed tool can be sent 
to the interested reader free of charge upon request. 
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RESUMEN 
La crisis económica mundial ha acrecentado en los últimos años una necesidad, de por sí ya manifiesta en las organizaciones: el 
ahorro en costos. Para hacer frente a esto, las empresas pueden optar por diversas estrategias. 
Este trabajo se enfoca en una de estas estrategias: la optimización de procesos y más concretamente, en la determinación del lote 
óptimo de producción. Para determinar el lote óptimo de un proceso productivo y concreto, se desarrolló un nuevo software que 
además de incorporar en sus cálculos diversos elementos productivos y logísticos, permite a su vez, gestionar de forma práctica el 
importante número de parámetros de entrada que se requieren para determinar el lote óptimo.  
El software que se presenta en este estudio, no solo ha sido validado en diversas empresas tanto españolas como mexicanas alcan-
zándose importantes ahorros, sino que también, ha sido utilizado como una herramienta docente en diversas universidades, logrando 
resultados muy satisfactorios desde el punto de vista del alumno y su aprendizaje. Un particular aporte de este trabajo, es que la 
herramienta desarrollada puede ser enviada al lector interesado de forma gratuita y con previa solicitud. 
Palabras clave: tamaño de lote, modelo EOQ/EPQ, logística y desarrollo del software. 
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Introduction123456 
Baykasoglu and Kaplanoglu (2006) argued that a company that 
wants to remain competitive should be able to unite high quality 
products and delivery times with the lowest possible costs.  
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This idea has gained, if possible, even more importance in recent 
years due to the global economic crisis, which has increased the 
necessity of pursuing costs reductions, as indicated in Zatzick et 
al. (2009) and Kaplan and Porter (2011).  
According to these publications, the best approach when seeking 
a reduction in costs is the optimization of processes. This work is 
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interested in this approach and develops a new software that de-
termines optimal production lots considering productive and lo-
gistical factors. 
The developed software has its basis in the famous works of Harris 
(1915) and Taft (1918), in which the EOQ (Economic Order 
Quantity) and the EPQ (Economic Production Quantity) models 
were defined. These models optimize the amount to buy (or pro-
duce) by minimizing the cost obtained from the fixed costs of buy-
ing (or producing) and the variable costs of storing. These models 
are so important that they are still used in many organizations. A 
sample is found in the work of James et al. (2011) concerning a 
Colombian logistics system. 
Even though the EOQ/EPQ models are still widely used, diverse 
authors consider that such models can be too simplistic and there-
fore inaccurate (Yuan, et al. 2011). This is because these models 
do not take into account elements such as temporary storage, 
maintenance and transport, which directly affect the total cost of 
products. It is because of this that researchers have proposed 
modifications to the original models to represent situations closer 
to those experienced daily in the companies (e. g. Jaber et al., 
2009). 
As observed in Khan et al. (2011), Glock (2012), Ramasesh (2010), 
Sufen (2010) and Valencia et al. (2014), recent models related to 
lot size take into account several factors that affect the production 
cost. 
The fact that the optimal production amount must be determined 
by taking into account not only production costs but also other 
factors arises partially from the analysis of diverse companies 
throughout the world. Evidence of this can be found in the works 
of Lee et al. (2003), who studied third party logistics (3PL), and 
Chu and Chu (2007), who came to the same conclusion from the 
study of a refinery. 
Despite the above, this is the first work in the literature to intro-
duce an EPQ-based software. However, there are different tools 
based on the EOQ model. Examples of these programs are pro-
vided in Table 1. 
Table 1. EOQ software 
Program Environment Web page 
Economic Order Quantity 
(EOQ) Calculator 
On-line 
http://www.danielsoper.com/fin-
calc/calc.aspx?id=56# 
 
EOQ Inventory Management 
Spreadsheet 1.0 
Spreadsheet 
http://www.xentrik.net/soft-
ware/eoq_inventory_manage-
mentspreadsheet.html 
EOQ Inventory Calculator 
for Excel® 
Spreadsheet 
http://eoq-inventory-calculator-for-
excel.en.softonic.com/ 
These tools allow the optimal batch ordered to be calculated by 
the traditional EOQ model. Equation (1) is the basis of this pro-
gram’s optimization.  
	∗  	   (1) 
where, 
Q* = Optimal lot size. 
D = Demand. 
S = Fixed cost per order. 
H = Variable inventory holding cost. 
This equation optimizes the sum of the ordering and inventory 
holding costs, as shown in Figure 1. 
 
Figure 1. The traditional EOQ model 
Although, EOQ-based programs focus on determining optimal or-
dering batch size, they can also be useful for defining production 
lots by taking S as the fixed cost of production. 
Some ERP (Enterprise Resource Planning) programs also deter-
mine the optimal lot size. However, these computer tools are not 
comparable to the software proposed here for three main rea-
sons: I) their scope includes the management of all or most of the 
organization; II) they are usually very large systems (Grabot et al. 
2014); and finally, III) they tend to be complex and costly (Munir 
and Pinedo, 2013). 
For the reasons above, we conclude that EOQ-based programs 
are the most similar to the one introduced here, although they 
also have profound differences. One main difference is that EOQ-
based programs consider only two costs, but the program pro-
posed here considers those detailed in Figure 2. 
 
Figure 2. Considered costs 
Another difference is that the proposed software does not use an 
analytical approach to determine optimal batch sizes, but through 
an iterative process, it solves a variant of the problem proposed 
in Valencia et al. (2014). By solving this variant, one may determine 
the lot size (Q*) that minimizes the cost incurred to satisfy a 
known demand (D) while also satisfying the storage and transpor-
tation constraints. The objective function of the problem consid-
ered is shown in equation (2). 
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The meaning of each variable used in equation (2) is provided in 
Figure 3, which has been taken from the "Help" window of the 
proposed software. 
 
Figure 3. Detail of the input data 
Equation (2) and Figure (3) reflect the natural complication of tak-
ing into account several production and logistics factors. The main 
motivation for developing this software is to present an easy-to-
use tool that provides optimal values close to the real ones, unlike 
existing EOQ-based programs whose results are too simplistic. 
Another motivating factor was found in Mariño et al. (2008). In 
that work, the idea that software development can support crucial 
steps within the execution of a business plan is well established. 
The final motivating factor was found in Pallares and Calderon 
(2006). These authors established that using information technol-
ogy in technical education is indispensable. Furthermore, they sug-
gest that new software needs to be developed for engineering ed-
ucation because this allows career education, enabling students to 
adapt to the various changes in their work. In response to these 
needs, Spanish universities are global leaders in these develop-
ments (Pallares and Calderon, 2006). 
Although, the main objective of this work is to present the devel-
opment of a software tool that calculates optimal production 
batches, it also seeks to show that software development is a prac-
tical way to achieve collaboration between companies and univer-
sities; this is because software development allows users to auto-
mate the resolution of certain problems that would be difficult to 
face in business environments, especially for SMEs. 
An important contribution of this work is that the developed soft-
ware can be sent free of charge to an interested reader, provided 
they state the reasons for requesting it. This is particularly im-
portant because although the developed program cannot be ap-
plied to all productive environments due to its design being opti-
mized for certain types of processes, it can provide guiding opti-
mum values, as was concluded from several experiments con-
ducted. 
Furthermore, the way the software was designed makes it rela-
tively simple to modify its programming to adapt it to other pro-
ductive processes. In this regard, some modifications that may be 
considered to adapt the software to other processes are illus-
trated in Table 2. Naturally, what modifications should be made 
will depend on each process. 
Table 2. Possible modifications to the proposed software 
Cost Possible modification 
Procurement  
Considering funding. 
Incorporating variable cost in the function of the volume of 
purchase. 
Production 
Considering the possibility of making more than one piece at 
a time. 
Reprocessing 
Considering the possibility of reprocessing more than one 
piece at a time. 
Varying when, where and how many parts are reprocessed. 
Inspection 
Varying the number of inspections. 
Varying the number of parts to be inspected. 
Storing 
Considering that the cost of storing satisfied and unsatisfied 
parts is not the same. 
Scrap disposal  
Considering that there is a profit related to scrap. 
Considering that scrap may be associated with a future pro-
cess, including another rework. 
Maintenance Considering corrective maintenance. 
Transportation 
Varying some part of the transportation systems (e.g., incor-
porating conveyor belts). 
A summary of the rest of this article is as follows. In the next 
section, the production model optimized by the software is dis-
cussed. Then, the software tool is presented, as well as the differ-
ent validations of the software in both business and academic en-
vironments. The paper ends with some general conclusions and 
future research lines. 
The production process to be optimized 
The production process to be optimized has been treated before 
by these authors in other works (Valencia et al., 2014) but not 
through a software tool. That process is detailed in Figure 4, which 
is also available in the “Help” window of the software. 
 
Figure 4. The process to be optimized (Valencia et al. 2014) 
The productive process considered is as follows: enough raw ma-
terial to produce Q items enters the process and is completely 
transformed to perform a quality inspection of all the products of 
the batch to determine which ones are unsatisfactory and there-
fore should be reprocessed. This is performed immediately. Once 
the process itself reworks the products, another inspection is de-
veloped to determine which products are satisfactory and which 
are unusable (scrap). The total satisfactory products are trans-
ferred to storage and, in turn, the unusable ones receive an ap-
propriate final disposal. Finally, the stored products should be de-
livered in fixed amounts over a period of time. The production 
process also considers space constraints both in terms of storage 
and transport. In regards to storage, the capacity to store both 
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finished goods and WIP is taken into account. Moreover, 
transport’s finite capacity was also considered. 
The production process also considers that the production and 
the rework time are not constant but follow a normal distribution 
with a known mean. This idea is consistent with that discussed by 
Darwish (2008) and Pando et al. (2012), who established the im-
portance of not considering some costs to be constant. To be able 
to work with variable production times, the mathematical expec-
tation was used in the formulation of the optimum batch of the 
process, as in Yuan et al. (2011). 
Another characteristic of the process to be optimized is that it 
incorporates the logistics index, a concept that was introduced in 
Lamban et al. (2013), to approximate the logistics cost of a specific 
reference from their dimensions (weight and volume). 
This production process has been considered for optimization be-
cause it is easily adaptable to other processes because it already 
incorporates several productive and logistics factors.  
The software developed 
The developed software, which functions both in English and Span-
ish, responds to a problem inherent to this type of optimization 
model in which the analytical solution (which can be used only 
when no restrictions are considered) and the solution using a 
spreadsheet may not be practical due to the large number of fac-
tors considered.  
The tool developed, which was programmed in Java® language for 
its versatility, includes the mathematical formulation needed to op-
timize the production process. As observed in Figure 5, the soft-
ware also includes two simplified choices (in addition to the full 
optimization method) for considering the production process that 
generates no scrap and for when the logistics index is 1, i.e., when 
the logistics cost is known accurately for the reference and is not 
required to be approximated by its dimensions. 
 
Figure 5. Calculation options 
Once the user has selected the type of method to use, the soft-
ware displays a screen that prompts the user for a number of val-
ues required for the calculation depending on the process to be 
modeled, as observed in Figure 6, which corresponds to the com-
plete optimization method. 
The meaning of each of the elements that must be entered in the 
program is provided by "clicking" on the information button and 
opening the window, as shown in Figure 3. Additionally, and as 
previously mentioned,  the explanation of the production process 
is provided in the “Help” section as well as in graphs of the process 
and the behavior of the inventory. 
 
Figure 6. Input data 
The software determines the optimal production batch by iterat-
ing from one to the maximum value that can comply while satisfy-
ing all restrictions. The optimal lot size is displayed in a separate 
window unless there is an error in the input data format. 
As mentioned above, this software can be sent free of charge upon 
request via an email which justifies the use. 
Software validation in enterprise environ-
ments 
The presented software has been validated in several business 
cases with positive results. The data shown in Table 3 correspond 
to three of these business cases, two of which are Mexican com-
panies and one of which is a Spanish company. 
Table 3. Business cases input data 
Process data Cost data 
Variable 
Honey 
business 
Footwear 
business 
Jewelry 
business 
Variable 
Honey  
business 
Footwear 
business 
Jewelry 
business 
λ 50000 12000 2400 K $ 63.0 $ 12.50 $200.00 
P 60000 25000 3000 C $ 2,401.00 $ 36,000.00 $ 52,700.00 
x 0.1 0.2 0.05 CR $ 1,012.00 $ 72,000.00 $ 52,700.00 
Q1 0.1 0 0 C8 $ 0.86 $ 2.00 $ 10.00 
P1 2200 1000 500 K1 $ 200.00 $ 325.00 $ 150.00 
n 12 12 4 CT $ 0.31 $ 0.55 $ 4.00 
μtp 0.000006 0.00012 0.00042 Ctl $ 0.12 $ 0.03 $ 0.50 
μtr 0.000009 0.000075 0.00011 h1 $ 0.05 $ 1.71 $ 1.00 
IlogA 1 1 1.2 h $ 0.03 $ 3.00 $ 5.00 
IlogT 1 1 1.2 M $ 0.20 $ - $ 0.42 
CapT 1000 2450 10000 N $ 0.16 $ 0.54 $ 3.00 
CapA1 5000 210 3500 r $ 0.38 $ 8.00 $ 30.00 
CapA2 1000 210 3500 Original data 
CapA3 1000 210 1750 Original lot 800 200 141 
CapA4 20000 2850 2000 
Original 
cost 
$ 
217,404.28 
$ 
410,618.57 
$ 
161,428.39 
One Mexican company packages and markets honey, and the 
other manufactures jewelry; the Spanish company manufactures 
footwear. The Table 3 costs are in U.S. dollars, and the time units 
are years, but they can be converted to minutes or seconds by 
keeping concordance with the cost units. 
The data presented in Table 3 were introduced in the developed 
software to determine optimum batches, obtaining the results 
shown in Table 4. 
Table 4. Business cases results (optimal lot size) 
Tool Honey business Footwear business Jewelry business 
Software 1111 262 804 
Solver, MS Excel® 1111 262 804 
Traditional (Expert 
judge) 
800 925 141 
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The calculated savings are shown graphically in Figure 7. In all busi-
ness cases, significant savings were achieved; the footwear busi-
ness obtained maximum savings. 
 
Figure 7. Savings achieved 
The comparison of the results obtained with the developed soft-
ware and the function Solver of MS Excel ® is shown in Table 4. 
The optimal batches were the same, but there are significant dif-
ferences in calculation times. In all cases, the software required 
shorter times, as observed in Figure 8, where the computation 
times with a 2.67 Ghz Intel® Core™ i5 processor are shown. 
 
Figure 8. Comparison of computational times 
Software validation in academic environ-
ments 
The developed software was designed as not only a tool to sup-
port decision-making in various companies but also a mechanism 
to facilitate the teaching of the topics addressed in graduate and 
postgraduates programs. 
The provided tool reinforced in students the concepts learned in 
class by performing various calculations of optimal batch. Such cal-
culations were mostly obtained from problems adapted from re-
cent literature, such as Chiu et al. (2011). 
To assess students’ perceptions regarding the use of the devel-
oped software as a tool to facilitate their learning, they were ad-
ministered a simple survey that asked them to compare the three 
learning techniques used in the classroom: 
a) Optimal lot size using analytical calculation. 
b) Optimal lot size using a spreadsheet. 
c) Optimal lot size using the developed software. 
A total of 120 students were interviewed. These students belong 
to two universities, one Spanish (University of Zaragoza) and one 
Mexican, which preferred not to have its name published. The de-
tails of how the total students were distributed in different classi-
fications are shown in Figure 9. 
 
Figure 9. Characteristics of the students surveyed 
Students were asked the following questions. I) Does the use of 
the developed tool facilitate your understanding of the optimal lot 
size topic? II) Do you think the software is intuitive? III) Would 
you recommend the use of the developed tool in teaching other 
students? To these questions, students could answer: I) Yes; II) Do 
not know / do not want to answer; or III) No. 
They were also asked to answer the following questions. I) Which 
technique is more understandable? II) Which technique are you 
most likely to use in the future? To these questions, students could 
answer with reference to each of the techniques used in class or 
‘do not know / do not want to answer’. The results of the surveys 
are shown in Figures 10 and 11. 
 
Figure 10. Survey results, I 
 
 
Figure 11. Survey results, II 
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As observed, the developed software was widely accepted among 
the surveyed students. This is an important result achieved in this 
work. 
Conclusions 
This paper presents the development of a software that optimizes 
the production batch for a common production process in various 
organizations. 
The main contribution of this work is that the introduced tool 
manages to combine the high precision of the analytical optimum 
and the easy handling of the input values. The software obtains 
highly precise optimal batches, as found by comparison with ex-
pert judgment or software based on the EOQ model. Additionally, 
other comparisons show that the proposed software requires less 
time to determine optimal lot size than the Solver®. 
The software presented has been validated both in the business 
community, where it achieved significant cost savings, and in aca-
demia, which also established its value as a useful tool in engineer-
ing education. Even more, the proposed tool also illustrates how 
companies can benefit from the work of researchers via software 
development.   
The developed software was designed to be sent to interested 
readers upon request via email. Furthermore, it can also be mod-
ified to optimize productive processes other than the one consid-
ered here. 
Even though the tool presented has several benefits, some features 
are still required to complement its functionality, including the abil-
ity to conduct sensitivity analysis with different variables and the 
ability to show main results graphically. 
References  
Baykasoglu, A., & Kapanoglu, V. (2006). Developing a service cost-
ing system and an application for logistics companies. Internatio-
nal Journal of Agile Manufacturing, 9(2), 13-18. 
Correa, A., & Gómez, R. (2009). Tecnologías de la información en 
la Cadena de Suministro. Revista DYNA-Colombia, 76(157), 37-
48. 
Chu, F., & Chu, C. (2008). Single-Item Dynamic Lot-Sizing Models 
with Bounded Inventory and Outsourcing. IEEE Transactions on 
Systems, Man, and Cibernetics-Part A: Systems and Humans, 
38(1), 70-77.  
Glock, C. H. (2012). The joint economic lot size problem: A review. 
International Journal of Production Economics, 135(2), 671-686. 
Grabot, B., Mayere, A., Lauroua F., & Houe, R. (2014). ERP 2.0, what 
for and how? Computers in Industry, 65(6), 976-1000. 
Gutiérrez, E., Fuquen, H., & Hernández, D. (2010). Planificación in 
 
 
 
 
 
 
 
 
 
 
 
 
-tegrada de producción y distribución para un conglomerado 
industrial. Revista de la Facultad de Ingeniería de la Universidad 
de Antioquia, 53(1), 88-105. 
Harris, F. (1915). What quantity to make at once. USA: The factory 
Management series. 
Jaber, M., Bonney, M., & Moualek, I. (2009). An economic order 
quantity model for an imperfect production process with entropy 
cost. International Journal of Production Economics, 118(1), 26-
33. 
Jaimes, W. A., Arango, M. D., & Balcázar, D. A. (2011). Modelo para 
la coordinación de agentes en un sistema logístico de la indus-
tria astillera colombiana. Ingeniería e Investigación, 31(2), 102-
111. 
Kaplan, R., & Porter, M. (2011). The Big Idea: How to Solve the Cost 
Crisis in Health Care. Harvard Business Review, 234(89), 46-64. 
Khan, M., Jaber, M., Guiffrida, A., & Zolfaghari, S. (2011). A review 
of the extensions of a modified EOQ model for imperfect quality 
item. International Journal of Production Economics, 132(1), 1-12.  
Lambán, M. (2010). Determinación de costos de procesos de la 
Cadena de Suministro e influencia de factores productivos y lo-
gísticos. (PhD thesis, University of Zaragoza). 
Lee, C., Cetinkaya, S., & Jaruphongsa, W. (2003). A dynamic model 
for inventory lot sizing and outbound shipment scheduling at a 
third-party warehouse. Operations Research, 51(5), 735-747. 
Mariño, A., Cortés, F. A., & Garzón, L. A. (2008). Herramienta de 
software para la enseñanza y entrenamiento en la construcción 
de la matriz DOFA. Ingeniería e Investigación, 28(3), 159-164.  
Munir, A., & Pinedo, R. (2013). Critical success factors for ERP imple-
mentation in SMEs. Robotics and Computer-Integrated Manu-
facturing, 29(3), 104-111. 
Pallares, M. R., & Rodríguez, M. (2006). Diseño de un software edu-
cativo para el análisis de sistemas hidráulicos a presión en inge-
niería civil. Ingeniería e Investigación, 26(3), 58-66. 
Ramasesh, R. (2010). Lot-sizing decisions under limited-time price 
incentives: A review. Omega-International Journal of Manage-
ment Science, 38(3), 118-135. 
Sufen, C. (2010). Purchase-Inventory Model with Varying Purchase 
Price: A Review. Paper presented at the International Confer-
ence on Management Science and Engineering, Wuhan, IEEE. 
Taft, E. W. (1918). The most economical production lot. The Iron 
Age, 101(1), 1410-1412. 
Yuan, P., Shang, L., Chun, L., & Huei, C. (2011). Mathematical mod-
elling for determining the replenishment policy for EMQ model 
with rework and multiple shipments. Mathematical and Com-
puter Modelling, 54(9), 2165-2174.  
Valencia, J., Lambán P. & Royo J. (2014). Analytical model to de-
termine optimal production lots considering several productive 
and logistics factors. DYNA-Colombia, 8(184), 62-70. 
Zatzick, C., Marks, M. & Iverson R. (2009). Which Way Should You 
Downsize in a Crisis? MIT Sloan Management Review, 51(1), 79-
86. 
